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DATA TRANSMISSION METHOD AND
DEVICE IN WIRELESS COMMUNICATION
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT/KR2011/
000972 filed on Feb. 14, 2011, which claims priority under 35
U.S.C. 119(e) to U.S. Provisional Application Nos. 61/303,
674 filed on Feb. 12,2010, 61/394,360 filed on Oct. 19, 2010,
61/405,184 filed on Oct. 20, 2010, 61/409,096 filed on Nov. 1,
2010, 61/409,531 filed on Nov. 2, 2010, 61/415,338 filed on
Nov. 18,2010, 61/415,747 filed on Nov. 19,2010, 61/415,354
filed on Nov. 19, 2010 and 61/427,484 filed on Dec. 28, 2010
and under 35 U.S.C. 119(a) to Patent Application No.
10-2011-0012299 filed in Republic of Korea on Feb. 11,
2011, all of which are hereby expressly incorporated by ref-
erence into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to wireless communication
and, more particularly, to a data transmission method and
apparatus in a wireless communication system.

2. Related Art

In wireless communication systems, it is necessary to esti-
mate an uplink channel or a downlink channel for the purpose
of the transmission and reception of data, the acquisition of
system synchronization, and the feedback of channel infor-
mation. In wireless communication system environments,
fading is generated because of multi-path time latency. A
process of restoring a transmit signal by compensating for the
distortion of the signal resulting from a sudden change in the
environment due to such fading is referred to as channel
estimation. It is also necessary to measure the state of a
channel for a cell to which a user equipment belongs or other
cells. To estimate a channel or measure the state of a channel,
a reference signal (RS) which is known to both a transmitter
and a receiver can be used.

A subcarrier used to transmit the reference signal is
referred to as a reference signal subcarrier, and a subcarrier
used to transmit data is referred to as a data subcarrier. In an
OFDM system, a method of assigning the reference signal
includes a method of assigning the reference signal to all the
subcarriers and a method of assigning the reference signal
between data subcarriers. The method of assigning the refer-
ence signal to all the subcarriers is performed using a signal
including only the reference signal, such as a preamble signal,
in order to obtain the throughput of channel estimation. If this
method is used, the performance of channel estimation can be
improved as compared with the method of assigning the
reference signal between data subcarriers because the density
of reference signals is in general high. However, since the
amount of transmitted data is small in the method of assigning
the reference signal to all the subcarriers, the method of
assigning the reference signal between data subcarriers is
used in order to increase the amount of transmitted data. If the
method of assigning the reference signal between data sub-
carriers is used, the performance of channel estimation can be
deteriorated because the density of reference signals is low.
Accordingly, the reference signals should be properly
arranged in order to minimize such deterioration.

A receiver can estimate a channel by separating informa-
tion about a reference signal from a received signal because it
knows the information about a reference signal and can accu-
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rately estimate data, transmitted by a transmit stage, by com-
pensating for an estimated channel value. Assuming that the
reference signal transmitted by the transmitter is p, channel
information experienced by the reference signal during trans-
mission is h, thermal noise occurring in the receiver is n, and
the signal received by the receiver is v, it can result in y=hp+
n. Here, since the receiver already knows the reference signal
p, it can estimate a channel information value h using Bqua-
tion 1 in the case in which a Least Square (LS) method is used.

h =y/p=h+n/p=h+# [Equation 1]

The accuracy of the channel estimation value h estimated
using the reference signal p is determined by the value n. To
accurately estimate the value h, the value fi must converge on
0. To this end, the influence ofthe value fih as to be minimized
by estimating a channel using a large number of reference
signals. A variety of algorithms for a better channel estima-
tion performance may exist.

An uplink RS may be divided into a demodulation refer-
ence signal (DMRS) and a sounding reference signal (SRS).
The DMRS is an RS used in channel estimation for demodu-
lating a received signal. The DMRS may be combined with
the transmission of a PUSCH or a PUCCH. The SRS is an RS
transmitted from UE to a BS for uplink scheduling. The BS
estimates an uplink channel through a received SRS and uses
the estimated uplink channel in uplink scheduling.

Meanwhile, a carrier aggregation system means a system
which configures a broadband by aggregating one or more
carriers having a smaller bandwidth than a broadband that is
a target when a wireless communication system tries to sup-
port the broadband. In the carrier aggregation system, UE can
transmit or receive one carrier or a plurality of carriers at the
same time depending on the capabilities of the UE. Transmis-
sion technology conventionally used in the carrier aggrega-
tion system may be newly defined.

There is a need for a method of transmitting an SRS and
data efficiently in a carrier aggregation system.

SUMMARY OF THE INVENTION

The present invention provides a data transmission method
and apparatus in a wireless communication system.

In an aspect, a data transmission method in a wireless
communication system is provided. The data transmission
method includes transmitting uplink data through a first
physical uplink shared channel (PUSCH) resource allocated
to a first component carrier (CC) among a plurality of CCs in
a sounding reference signal (SRS) subframe, wherein a sec-
ond CC among the plurality of CCs in the SRS subframe
comprises an SRS single carrier frequency division multiple
access (SC-FDMA) symbol reserved for transmission of an
SRS.

The SRS SC-FDMA symbol may be a last SC-FDMA
symbol of the SRS subframe.

The first PUSCH resource may comprise all SC-FDMA
symbols of the SRS subframe.

The SRS may be not transmitted through the SRS SC-
FDMA symbol.

The first PUSCH resource may comprise all SC-FDMA
symbols of the SRS subframe other than the SRS SC-FDMA
symbol.

The PUSCH may be subject to rate matching except the
SRS SC-FDMA symbol.

The data transmission method may further include trans-
mitting the SRS through the SRS SC-FDMA symbol.
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The SRS subframe may be one of a plurality of periodic or
aperiodic user equipment (UE)-specific SRS subframes con-
figured by a UE-specific SRS parameter.

The UE-specific SRS parameter may indicate a periodicity
and offset of the plurality of period or aperiodic UE-specific
SRS subframes.

The plurality of period or aperiodic UE-specific SRS sub-
frames may be a subset of a plurality of cell-specific SRS
subframes configured by a cell-specific SRS parameter.

The SRS subframe may be one of a plurality of cell-specific
SRS subframes configured by a cell-specific SRS parameter.

The data transmission method may further include trans-
mitting the uplink data through a second PUSCH resource
allocated to the second CC in the SRS subframe.

A bandwidth of part of or an entire SRS SC-FDMA symbol
may be allocated to the transmission of the SRS.

The first PUSCH resource may be indicated by a radio
resource control (RRC) message.

In another aspect, a user equipment in a wireless commu-
nication system is provided. The user equipment includes a
radio frequency (RF) unit transmitting uplink data through a
first physical uplink shared channel (PUSCH) resource allo-
cated to a first component carrier (CC) among a plurality of
CCs in a sounding reference signal (SRS) subframe, and a
processor connected to the RF unit, wherein a second CC of
the plurality of CCs in the SRS subframe comprises an SRS
single carrier frequency division multiple access (SC-
FDMA) symbol reserved for transmission of an SRS.

In acarrier aggregation system, if an SRS and a PUSCH are
configured so that they are transmitted at the same time, data
can be efficiently transmitted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a wireless communication system.

FIG. 2 shows the structure of a radio frame in 3GPP LTE.

FIG. 3 shows an example of a resource grid of a single
downlink slot.

FIG. 4 shows the structure of a downlink subframe.

FIG. 5 shows the structure of an uplink subframe.

FIG. 6 shows an example of a transmitter and a receiver
which constitute a carrier aggregation system.

FIG. 7 and FIG. 8 are other examples of a transmitter and
a receiver which constitute a carrier aggregation system.

FIG. 9 shows an example of an asymmetric carrier aggre-
gation system.

FIG. 10 is an example of a process of processing an uplink
shared channel (UL-SCH) transport channel.

FIG. 11 is an example of a construction regarding a data
transmission method in a proposed SRS subframe.

FIG. 12 is another example of a construction regarding a
data transmission method in an SRS subframe.

FIG. 13 is an embodiment of the proposed data transmis-
sion method.

FIG. 14 is a block diagram of BS and UE in which the
embodiments of the present invention are embodied.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following technique may be used for various wireless
communication systems such as code division multiple
access (CDMA), a frequency division multiple access
(FDMA), time division multiple access (IDMA), orthogonal
frequency division multiple access (OFDMA), single carrier-
frequency division multiple access (SC-FDMA), and the like.
The CDMA may be implemented as a radio technology such
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4

as universal terrestrial radio access (UTRA) or CDMA2000.
The TDMA may be implemented as a radio technology such
as a global system for mobile communications (GSM)/gen-
eral packet radio service (GPRS)/enhanced data rates for
GSM evolution (EDGE). The OFDMA may be implemented
by a radio technology such as institute of electrical and elec-
tronics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, E-UTRA (evolved UTRA), and the
like. IEEE 802.16m, an evolution of IEEE 802.16e, provides
backward compatibility with a system based on IEEE
802.16e. The UTRA is part of a universal mobile telecommu-
nications system (UMTS). 3GPP (3rd generation partnership
project) LTE (long term evolution) is part of an evolved
UMTS (E-UMTS) using the E-UTRA, which employs the
OFDMA in downlink and the SC-FDMA in uplink. LTE-A
(advanced) is an evolution of 3GPP LTE.

Hereinafter, for clarification, LTE-A will be largely
described, but the technical concept of the present invention is
not meant to be limited thereto.

FIG. 1 shows a wireless communication system.

The wireless communication system 10 includes at least
one base station (BS) 11. Respective BSs 11 provide a com-
munication service to particular geographical areas 15a, 155,
and 15¢ (which are generally called cells). Each cell may be
divided into a plurality of areas (which are called sectors). A
user equipment (UE) 12 may be fixed or mobile and may be
referred to by other names such as MS (mobile station), MT
(mobile terminal), UT (user terminal), SS (subscriber sta-
tion), wireless device, PDA (personal digital assistant), wire-
less modem, handheld device. The BS 11 generally refers to
a fixed station that communicates with the UE 12 and may be
called by other names such as eNB (evolved-NodeB), BTS
(base transceiver system), access point (AP), etc.

In general, a UE belongs to one cell, and the cell to which
a UE belongs is called a serving cell. A BS providing a
communication service to the serving cell is called a serving
BS. The wireless communication system is a cellular system,
so a different cell adjacent to the serving cell exists. The
different cell adjacent to the serving cell is called a neighbor
cell. A BS providing a communication service to the neighbor
cellis called a neighbor BS. The serving cell and the neighbor
cell are relatively determined based on a UE.

This technique can be used for downlink or uplink. In
general, downlink refers to communication from the BS 11 to
the UE 12, and uplink refers to communication from the UE
12 to the BS 11. In downlink, a transmitter may be part of the
BS 11 and a receiver may be part of the UE 12. In uplink, a
transmitter may be part of the UE 12 and a receiver may be
part of the BS 11.

The wireless communication system may be any one of a
multiple-input multiple-output (MIMO) system, a multiple-
input single-output (MISO) system, a single-input single-
output (SISO) system, and a single-input multiple-output
(SIMO) system. The MIMO system uses a plurality of trans-
mission antennas and a plurality of reception antennas. The
MISO system uses a plurality of transmission antennas and a
single reception antenna. The SISO system uses a single
transmission antenna and a single reception antenna. The
SIMO system uses a single transmission antenna and a plu-
rality of reception antennas. Hereinafter, a transmission
antenna refers to a physical or logical antenna used for trans-
mitting a signal or a stream, and a reception antenna refers to
a physical or logical antenna used for receiving a signal or a
stream.

FIG. 2 shows the structure of a radio frame in 3GPP LTE.

It may be referred to Paragraph 5 of ““Technical Specifica-
tion Group Radio Access Network; Evolved Universal Ter-
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restrial Radio Access (E-UTRA); Physical channels and
modulation (Release 8)”” to 3GPP (3rd generation partnership
project) TS 36.211 V8.2.0 (2008-03). Referring to FI1G. 2, the
radio frame includes 10 subframes, and one subframe
includes two slots. The slots in the radio frame are numbered
by #0 to #19. A time taken for transmitting one subframe is
called a transmission time interval (TTI). The TTI may be a
scheduling unit for a data transmission. For example, a radio
frame may have a length of 10 ms, a subframe may have a
length of 1 ms, and a slot may have a length of 0.5 ms.

One slot includes a plurality of orthogonal frequency divi-
sion multiplexing (OFDM) symbols in a time domain and a
plurality of subcarriers in a frequency domain. Since 3GPP
LTE uses OFDMA in downlink, the OFDM symbols are used
to express a symbol period. The OFDM symbols may be
called by other names depending on a multiple-access
scheme. For example, when a single carrier frequency divi-
sion multiple access (SC-FDMA) is in use as an uplink multi-
access scheme, the OFDM symbols may be called SC-FDMA
symbols. A resource block (RB), a resource allocation unit,
includes a plurality of continuous subcarriers in a slot. The
structure of the radio frame is merely an example. Namely,
the number of subframes included in a radio frame, the num-
ber of slots included in a subframe, or the number of OFDM
symbols included in a slot may vary.

3GPP LTE defines that one slot includes seven OFDM
symbols in a normal cyclic prefix (CP) and one slot includes
six OFDM symbols in an extended CP.

The wireless communication system may be divided into a
frequency division duplex (FDD) scheme and a time division
duplex (TDD) scheme. According to the FDD scheme, an
uplink transmission and a downlink transmission are made at
different frequency bands. According to the TDD scheme, an
uplink transmission and a downlink transmission are made
during different periods of time at the same frequency band.
A channel response of the TDD scheme is substantially recip-
rocal. This means that a downlink channel response and an
uplink channel response are almost the same in a given fre-
quency band. Thus, the TDD-based wireless communication
system is advantageous in that the downlink channel response
can be obtained from the uplink channel response. In the TDD
scheme, the entire frequency band is time-divided for uplink
and downlink transmissions, so a downlink transmission by
the BS and an uplink transmission by the UE can be simulta-
neously performed. In a TDD system in which an uplink
transmission and a downlink transmission are discriminated
in units of subframes, the uplink transmission and the down-
link transmission are performed in different subframes.

FIG. 3 shows an example of a resource grid of a single
downlink slot.

A downlink slot includes a plurality of OFDM symbols in
the time domain and Nz number of resource blocks (RBs) in
the frequency domain. The Ny, number of resource blocks
included in the downlink slot is dependent upon a downlink
transmission bandwidth set in a cell. For example, in an LTE
system, N may be any one of 60 to 110. One resource block
includes a plurality of subcarriers in the frequency domain.
An uplink slot may have the same structure as that of the
downlink slot.

Each element on the resource grid is called a resource
element. The resource elements on the resource grid can be
discriminated by a pair of indexes (k,1) in the slot. Here, k
(k=0, .. ., Ngyzx12-1) is a subcarrier index in the frequency
domain, and 1 is an OFDM symbol index in the time domain.

Here, it is illustrated that one resource block includes 7x12
resource elements made up of seven OFDM symbols in the
time domain and twelve subcarriers in the frequency domain,
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but the number of OFDM symbols and the number of subcar-
riers in the resource block are not limited thereto. The number
of OFDM symbols and the number of subcarriers may vary
depending on the length of a cyclic prefix (CP), frequency
spacing, and the like. For example, in case of a normal CP, the
number of OFDM symbols is 7, and in case of an extended CP,
the number of OFDM symbols is 6. One of 128, 256, 512,
1024, 1536, and 2048 may be selectively used as the number
of subcarriers in one OFDM symbol.

FIG. 4 shows the structure of a downlink subframe.

A downlink subframe includes two slots in the time
domain, and each of the slots includes seven OFDM symbols
in the normal CP. First three OFDM symbols (maximum four
OFDM symbols with respect to a 1.4 MHz bandwidth) of a
first slot in the subframe corresponds to a control region to
which control channels are allocated, and the other remaining
OFDM symbols correspond to a data region to which a physi-
cal downlink shared channel (PDSCH) is allocated.

The PDCCH may carry a transmission format and a
resource allocation of a downlink shared channel (DL-SCH),
resource allocation information of an uplink shared channel
(UL-SCH), paging information on a PCH, system informa-
tion on a DL-SCH, a resource allocation of an higher layer
control message such as a random access response transmit-
ted via a PDSCH, a set of transmission power control com-
mands with respect to individual UEs in a certain UE group,
an activation of a voice over internet protocol (VoIP), and the
like. A plurality of PDCCHs may be transmitted in the control
region, and a UE can monitor a plurality of PDCCHs. The
PDCCHs are transmitted on one or an aggregation of a plu-
rality of consecutive control channel elements (CCE). The
CCE is a logical allocation unit used to provide a coding rate
according to the state of a wireless channel. The CCE corre-
sponds to a plurality of resource element groups. The format
of'the PDCCH and an available number of bits of the PDCCH
are determined according to an associative relation between
the number of the CCEs and a coding rate provided by the
CCEs.

The BS determines a PDCCH format according to a DCI to
be transmitted to the UE, and attaches a cyclic redundancy
check (CRC) to the DCI. A unique radio network temporary
identifier (RNTI) is masked on the CRC according to the
owner or the purpose of the PDCCH. In case ofa PDCCH for
a particular UE, a unique identifier, e.g., a cell-RNTI
(C-RNTI), of the UE, may be masked on the CRC. Or, in case
of'a PDCCH for a paging message, a paging indication iden-
tifier, e.g., a paging-RNTI (P-RNTI), may be masked on the
CRC. In case of a PDCCH for a system information block
(SIB), a system information identifier, e.g., a system infor-
mation-RNTI (SI-RNTI), may be masked on the CRC. In
order to indicate a random access response, i.e., a response to
a transmission of a random access preamble of the UE, a
random access-RNTI (RA-RNTI) may be masked on the
CRC.

FIG. 5 shows the structure of an uplink subframe.

An uplink subframe may be divided into a control region
and a data region in the frequency domain. A physical uplink
control channel (PUCCH) for transmitting uplink control
information is allocated to the control region. A physical
uplink shared channel (PUCCH) for transmitting data is allo-
cated to the data region. If indicated by a higher layer, the user
equipment may support simultaneous transmission of the
PUCCH and the PUSCH.

The PUCCH for one UE is allocated in an RB pair. RBs
belonging to the RB pair occupy different subcarriers in each
of a 1* slot and a 2" slot. A frequency occupied by the RBs
belonging to the RB pair allocated to the PUCCH changes at
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a slotboundary. This is called that the RB pair allocated to the
PUCCH is frequency-hopped at a slot boundary. Since the UE
transmits UL control information over time through different
subcarriers, a frequency diversity gain can be obtained. In the
figure, m is a location index indicating a logical frequency-
domain location ofthe RB pair allocated to the PUCCH in the
subframe.

Uplink control information transmitted on the PUCCH
may include a HARQ ACK/NACK, a channel quality indica-
tor (CQI) indicating the state of a downlink channel, a sched-
uling request (SR) which is an uplink radio resource alloca-
tion request, and the like.

The PUSCH is mapped to a uplink shared channel (UL-
SCH), a transport channel. Uplink data transmitted on the
PUSCH may be a transport block, a data block for the UL-
SCH transmitted during the TTI. The transport block may be
user information. Or, the uplink data may be multiplexed
data. The multiplexed data may be data obtained by multi-
plexing the transport block for the UL-SCH and control infor-
mation. For example, control information multiplexed to data
may include a CQI, a precoding matrix indicator (PMI), an
HARQ, a rank indicator (RI), or the like. Or the uplink data
may include only control information.

3GPP LTE-A supports a carrier aggregation system. 3GPP
TR 36.815 V9.0.0 (2010-3) may be incorporated herein by
reference to describe the carrier aggregation system.

The carrier aggregation system implies a system that con-
figures a wideband by aggregating one or more carriers hav-
ing a bandwidth smaller than that of a target wideband when
the wireless communication system intends to support the
wideband. The carrier aggregation system can also be
referred to as other terms such as a bandwidth aggregation
system or the like. The carrier aggregation system can be
divided into a contiguous carrier aggregation system in which
carriers are contiguous to each other and a non-contiguous
carrier aggregation system in which carriers are separated
from each other. In the contiguous carrier aggregation sys-
tem, a guard band may exist between CCs. A CC which is a
target when aggregating one or more CCs can directly use a
bandwidth that is used in the legacy system in order to provide
backward compatibility with the legacy system. For example,
a 3GPP LTE system can support a bandwidth of 1.4 MHz, 3
MHz, 5 MHz, 10 MHz, 15 MHz, and 20 MHz, and a 3GPP
LTE-A system can configure a wideband of 20 MHz or higher
by using only the bandwidth of the 3GPP LTE system. Alter-
natively, the wideband can be configured by defining a new
bandwidth without having to directly use the bandwidth of the
legacy system.

In the carrier aggregation system, a UE can transmit or
receive one or a plurality of carriers simultaneously according
to capacity. An LTE-A UE can transmit or receive a plurality
of carriers simultaneously. An LTE rel-8 UE can transmit or
receive only one carrier when each of carriers constituting the
carrier aggregation system is compatible with an LTE rel-8
system. Therefore, when the number of carriers used in uplink
is equal to the number of carriers used in downlink, it is
necessary to configure such that all CCs are compatible with
LTE rel-8.

In order to efficiently use the plurality of carriers, the
plurality of carriers can be managed in a media access control
(MAC). To transmit/receive the plurality of carriers, a trans-
mitter and a receiver both have to be able to transmit/receive
the plurality of carriers.

FIG. 6 shows an example of a transmitter and a receiver
which constitute a carrier aggregation system.

In the transmitter of FIG. 6(a), one MAC transmits and
receives data by managing and operating all of'n carriers. This
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is also applied to the receiver of FIG. 6(5). From the perspec-
tive of the receiver, one transport block and one HARQ entity
may exist per CC. A UE can be scheduled simultaneously for
a plurality of CCs. The carrier aggregation system of FIG. 6
can apply both to a contiguous carrier aggregation system and
a non-contiguous carrier aggregation system. The respective
carriers managed by one MAC do not have to be contiguous
to each other, which results in flexibility in terms of resource
management.

FIG. 7 and FIG. 8 are other examples of a transmitter and
a receiver which constitute a carrier aggregation system.

Inthe transmitter of FIG. 7(a) and the receiver of F1G. 7(5),
one MAC manages only one carrier. That is, the MAC and the
carrier are 1:1 mapped. In the transmitter of FIG. 8(a) and the
receiver of FIG. 8(b), a MAC and a carrier are 1:1 mapped for
some carriers, and regarding the remaining carriers, one
MAC controls a plurality of CCs. That is, various combina-
tions are possible based on a mapping relation between the
MAC and the carrier.

The carrier aggregation system of FIG. 6 to FIG. 8 includes
n carriers. The respective carriers may be contiguous to each
other or may be separated from each other. The carrier aggre-
gation system can apply both to uplink and downlink trans-
missions. In a TDD system, each carrier is configured to be
able to perform uplink transmission and downlink transmis-
sion. In an FDD system, a plurality of CCs can be used by
dividing them for an uplink usage and a downlink usage. Ina
typical TDD system, the number of CCs used in uplink trans-
mission is equal to that used in downlink transmission, and
each carrier has the same bandwidth. The FDD system can
configure an asymmetric carrier aggregation system by
allowing the number of carriers and the bandwidth to be
different between uplink and downlink transmissions.

FIG. 9 shows an example of an asymmetric carrier aggre-
gation system.

FIG. 9-(a) is an example of a carrier aggregation system in
which the number of downlink component carriers (CCs) is
larger than the number of UL CCs. Downlink CCs #1 and #2
correspond to an UL CC #1, and DL CCs #2 and #4 corre-
spond to an UL CC #2. FIG. 9-(5) is an example of a carrier
aggregation system in which the number of DL CCs is larger
than the number of UL CCs. A DL CC #1 correspond to UL
CCs #1 and #2, and a DL, CC#2 correspond to UL CCs #2 and
#4. Meanwhile, from a viewpoint of UE, there are one trans-
port block and one hybrid automatic repeat request (HARQ)
entity in each scheduled CC. Each transport block is mapped
to one CC only. UE may be mapped to a plurality of CCs at the
same time.

In an LTE-A system, there may be a backward-compatible
carrier and a non-backward-compatible carrier. The back-
ward-compatible carrier is a carrier capable of accessing the
UEs of all LTE releases including L'TE rel-8 and LTE-A. The
backward-compatible carrier may be operated as a single
carrier or may be operated as a CC in a carrier aggregation
system. The backward-compatible carrier may be always
formed of a pair of uplink and downlink in an FDD system. In
contrast, the non-backward-compatible carrier cannot access
the UE of a previous LTE release, but can access only the UEs
of'an LTE release that defines the non-backward-compatible
carrier. Furthermore, the non-backward-compatible carrier
may be operated as a single carrier or may be operated as aCC
in a carrier aggregation system. Meanwhile, a carrier that
cannot be operated as a single carrier, but that is included in a
carrier aggregation including at least one carrier capable of
being operated as a single carrier may be called an extension
carrier.
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Furthermore, in a carrier aggregation system, a type in
which one or more carriers are used may include two types: a
cell-specific carrier aggregation system operated by a specific
cell or BS and a UE-specific carrier aggregation system oper-
ated by UE. If a cell means one backward-compatible carrier
or one non-backward-compatible carrier, the term ‘cell-spe-
cific’ may be used for one or more carriers which include one
carrier represented by a cell. Furthermore, in the type of a
carrier aggregation system in an FDD system, the linkage of
uplink and downlink may be determined depending on
default transmission-reception (Tx-Rx) separation defined in
LTE rel-8 or LTE-A.

For example, in LTE rel-8, default Tx-Rx separation is as
follows. In uplink and downlink, a carrier frequency may be
allocated within a range 0f 0~65535 according to an E-UTRA
absolute radio frequency channel number (EARFCN). In
downlink, a relationship between the EARFCN and a carrier
frequency of a MHz unit may be represented by F,,=
Fpr 1owt01(Np ~Npg pr)- In uplink, a  relationship
between the EARFCN and a carrier frequency of a MHz unit
may be represented by Fo;=F; ;,,+0.1(Npz=Nogs o7)-
N, is adownlink EARFCN, and N, ; is anuplink EARFCN.
For tows Nogors For sow @0d N o may be determined by
Table 1.
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TABLE 2-continued

Frequency Band TX-RX carrier centre frequency separation

9 95 MHz
10 400 MHz
11 48 MHz
12 30 MHz
13 -31 MHz
14 -30 MHz
17 30 MHz

Hereinafter, an uplink reference signal (RS) will be
described.

In general, an RS is transmitted as a sequence. Any
sequence can be used as a sequence used for an RS sequence
without particular restrictions. The RS sequence may be a
phase shift keying (PSK)-based computer generated
sequence. Examples of the PSK include binary phase shift
keying (BPSK), quadrature phase shift keying (QPSK), etc.
Alternatively, the RS sequence may be a constant amplitude
zero auto-correlation (CAZAC) sequence. Examples of the
CAZAC sequence include a Zadoff-Chu (ZC)-based
sequence, a ZC sequence with cyclic extension, a ZC
sequence with truncation, etc. Alternatively, the RS sequence

TABLE 1
E-UTRA
Operating Downlink Uplink

Band  Fpp_se,, (MH2Z) Npgi pr Range of Npp Fyy g, (MHZ) Npgipr Range of Ny
1 2110 0 0-599 1920 18000  18000-18599

2 1930 600 600-1199 1850 18600  18600-19199

3 1805 1200 1200-1949 1710 19200  19200-19949

4 2110 1950  1950-2399 1710 19950  19950-20399

5 869 2400  2400-2649 824 20400  20400-20649

6 875 2650  2650-2749 830 20650  20650-20749

7 2620 2750  2750-3449 2500 20750 20750-21449

8 925 3450  3450-3799 880 21450 21450-21799

9 1844.9 3800  3800-4149 1749.9 21800 21800-22149
10 2110 4150  4150-4749 1710 22150 22150-22749
11 1475.9 4750  4750-4999 1427.9 22750  22750-22999
12 728 5000  5000-5179 698 23000 23000-23179
13 746 5180  5180-5279 777 23180 23180-23279
14 758 5280  5280-5379 788 23280 23280-23379
17 734 5730 5730-5849 704 23730 23730-23849
33 1900 26000 36000-36199 1900 36000 36000-36199
34 2010 26200 36200-36349 2010 36200 36200-36349
35 1850 26350 36350-36949 1850 36350 36350-36949
36 1930 26950 36950-37549 1930 36950 36950-37549
37 1910 27550  37550-37749 1910 37550 37550-37749
38 2570 27750  37750-38249 2570 37750 37750-38249
39 1880 28250 38250-38649 1880 38250 38250-38649
40 2300 28650 38650-39649 2300 38650 38650-39649

The basic separation of an E-TURA Tx channel and Rx
channel may be determined by Table 2.

TABLE 2

Frequency Band TX-RX carrier centre frequency separation

190 MHz
80 MHz
95 MHz

400 MHz
45 MHz
45 MHz

120 MHz
45 MHz

[ N e Y N O S

55

60

65

may be a pseudo-random (PN) sequence. Example of the PN
sequence include an m-sequence, a computer generated
sequence, a Gold sequence, a Kasami sequence, etc. In addi-
tion, the RS sequence may be a cyclically shifted sequence.

The uplink RS can be classified into a demodulation refer-
ence signal (DMRS) and a sounding reference signal (SRS).
The DMRS is an RS used for channel estimation to demodu-
late a received signal. The DMRS can be combined with
PUSCH or PUCCH transmission. The SRS is an RS trans-
mitted for uplink scheduling by a UE to a BS. The BS esti-
mates an uplink channel by using the received SRS, and the
estimated uplink channel is used in uplink scheduling. The
SRS is not combined with PUSCH or PUCCH transmission.
The same type of base sequences can be used for the DMRS
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and the SRS. Meanwhile, precoding applied to the DMRS in
uplink multi-antenna transmission may be the same as pre-
coding applied to the PUSCH. Cyclic shift separation is a
primary scheme for multiplexing the DMRS. In an L'TE-A
system, the SRS may not be precoded, and may be an
antenna-specific RS.

The SRS is an RS transmitted by a relay station to the BS
and is an RS which is not related to uplink data or control
signal transmission. In general, the SRS may be used for
channel quality estimation for frequency selective scheduling
in uplink or may be used for other usages. For example, the
SRS may be used in power control, initial MCS selection,
initial power control for data transmission, etc. In general, the
SRS is transmitted in a last SC-FDMA symbol of one sub-
frame.

An operation in UE for the transmission of an SRS is as
follows. Cyzs, that is, a cell-specific SRS transmission band-
width may be given by a higher layer, and a cell-specific SRS
transmission subframe may be given by a higher layer. [f UE
can select a transmit antenna, the index a(nggg) of a UE
antenna that transmits an SRS at a time ng. is given
a(Ngr ) Ngxs mod 2 for the full sounding bandwidth or the
partial sounding bandwidth when frequency hopping is not
available and may be given by Equation 2 when frequency
hopping is available.

alnsgs) = (Equation 2)

{ (nsgs + Lnsrs /2] + B-Lnsps / K])mod2  when K is even

ngrsmod2 when K is odd

In Equation 2, Bz indicates an SRS bandwidth, and b,,,,
indicates a frequency hopping bandwidth. N, may be deter-
mined by a predetermined table according to Cgz¢ and B zs.

In Equation 2, p may be determined by Equation 3.

{Equation 3)

1 where K mod 4=0
B 0 otherwise

Ifone SC-FDMA symbol exists within an uplink pilot time
slot (UpPTS) in a TDD system, the one SC-FDMA symbol
may be used for SRS transmission. If two SC-FDMA sym-
bols exist within an UpPTS, both the two SC-FDMA symbols
may be used for SRS transmission and may be allocated to
one UE at the same time.

UE does not always transmit an SRS whenever the trans-
mission of an SRS and the transmission of PUCCH format
2/2a/2b occur within the same subframe at the same time.

If an ackNackSRS-SimultaneousTransmission parameter
is false, UE does not always transmit an SRS whenever the
transmission ofan SRS and the transmission ofa PUCCH that
carries ACK/NACK and/or a positive SR are performed in the
same subframe. Furthermore, if an ackNackSRS-Simulta-
neousTransmission parameter is true, UE uses a shortened
PUCCH format and transmits a PUCCH that carries ACK/
NACK and/or a positive SR and an SRS at the same time
when the transmission of the SRS and the transmission of the
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PUCCH that carries ACK/NACK and/or a positive SR are
configured in the same subframe. That is, if a PUCCH that
carries ACK/NACK and/or a positive SR and an SRS is con-
figured within an SRS subframe configured in a cell specific
manner, UE uses a shortened PUCCH format and transmits
the PUCCH that carries ACK/NACK and/or a positive SR and
the SRS at the same time.

If SRS transmission overlaps with a physical random
access channel (PRACH) region for the preamble format 4 or
exceeds the range of an uplink system bandwidth configured
in a cell, UE does not transmit an SRS.

ackNackSRS-Simultaneous Transmission, thatis, a param-
eter given by a higher layer, determines whether UE supports
the simultaneous transmission of a PUCCH that carries ACK/
NACK and an SRS within one subframe. I[f UE is configured
to transmit a PUCCH that carries ACK/NACK and an SRS
within one subframe at the same time, the UE may transmits
the ACK/NACK and the SRS in a cell-specific SRS subframe.
Here, a shortened PUCCH format may be used, and the trans-
mission of ACK/NACK or an SR corresponding to a position
where the SRS is transmitted is punctured. The shortened
PUCCH format is used in the cell-specific SRS subframe
even when the UE does not transmit the SRS in the relevant
subframe. If UE is configured not to transmit a PUCCH that
carries ACK/NACK and an SRS within one subframe at the
same time, the UE may use common PUCCH formats 1/1a/1b
in order to transmit the ACK/NACK and the SR.

Tables 3 and 4 are examples of a UE-specific SRS configu-
ration that indicates Tz, that is, an SRS transmission peri-
odicity, and T, ., that is, an SRS subframe offset. The SRS
transmission periodicity T may be determined as one of
12, 5, 10, 20, 40, 80, 160, 320} ms.

Table 3 is an example of an SRS configuration in an FDD
system.

TABLE 3
SRS Periodicity SRS Subframe Offset
SRS Configuration Index Iszs Tsrs (Ms) Togser
0-1 2 Iszs
2-6 5 Tsps-2
7-16 10 Tsas-7
17-36 20 Tsps-17
37-76 40 Tsps- 37
77-156 80 Tsgs-77
157-316 160 Tsps- 157
317-636 320 Tsps- 317
637-1023 reserved reserved

Table 4 is an example of an SRS configuration in a TDD

system.
TABLE 4
Configuration SRS Periodicity SRS Subframe
Index Lgzs Tsgs (Ms) Offset T ..

0 2 0,1

1 2 0,2

2 2 1,2

3 2 0,3

4 2 1,3

5 2 0,4

6 2 1,4

7 2 2,3

8 2 2,4

9 2 3,4
10-14 5 Isps- 10
15-24 10 Isps- 15
25-44 20 Tsps- 25
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TABLE 4-continued

Configuration SRS Periodicity SRS Subframe
Index Lgps Tsrs (Ms) Offset T ..
45-84 40 Tsps-45
85-164 80 Tsps- 85
165-324 160 Isps- 165
325-644 320 Isps- 325
645-1023 reserved reserved

Inthe case of Tz >2 in a TDD system, an SRS subframe in
an FDD system satisfy (10*n+kges~T, ) mod Tees=0. n,
indicates a frame index, and k4, is a subframe index within
a frame in an FDD system. In the case of Tgz=2 in a TDD
system, 2 SRS resources may be configured within a half
frame including at least one uplink subframe, and an SRS
subframe satisfies (kgzs—T, 5., )mod 5=0.

In a TDD system, ko may be determined by Table 5.

TABLE §

Subframe index n

0 1 2345 6 789

15 2nd 15¢ 2nd

symbol symbol symbol symbol

of of of of

UpPTS UpPTS UpPTS UpPTS
kogs in case 0 1 234 5 6 789
UpPTS length
of 2 symbols
kogs in case 1 234 6 789
UpPTS length
of 1 symbol

Meanwhile, UE does not always transmit an SRS if the
transmission of the SRS and the transmission of a PUSCH,
corresponding to the retransmission of the same transport
block as part of a random access response grant or a conten-
tion-based random access procedure, are performed within
the same subframe.

Channel coding for PUSCH transmission is described
below.

FIG. 10 is an example of a process of processing an uplink
shared channel (UL-SCH) transport channel. A coding unit is
reached in the form of one maximum transport block at each
transmit time interval (TTI).

Referring to FIG. 10, at step S100, a cyclic redundancy
check (CRC) is attached to a transport block. When the CRC
is attached, error detection for an UL-SCH transport block
can be supported. All transport blocks may be used to calcu-
late a CRC parity bit. Bits within a transport block transferred
inalayerlarea,,...,a, ,and parity bits may be represented
by pos - - - » Pr.1- The size of the transport block is A, and the
size of the parity bit is L. a0, that is, the information bit of the
smallest order, may be mapped to the most significant bit
(MSB) of the transport block.

At step S110, the transport block to which the CRC is
attached is segmented into a plurality of code blocks, and a
CRC is attached to each of the code blocks. Bits before they
are segmented into the code blocks may be represented by
by, . .., by, and B is the number of bits within the transport
block including the CRC. Bits after they are segmented into
the code blocks may be represented by ¢, . . ., €, &,.;y, Fis @
code block number, and Kr is the number of bits of the code
block number r.

At step S120, channel coding is performed on each of the
code blocks. The total number of code blocks is C, and the
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channel coding may be performed on each code block accord-
ing to a turbo coding scheme. The bits on which the channel
coding has been performed may be represented by
do?, ..., dupry?, and Dr is the number of bits of an i”
coded stream of the code block number r. Dr=Kr+4, andiis a
coded stream index and may be 0, 1 or 2.

At step S130, rate matching is performed on each code
block on which the channel coding has been performed. The
rate matching may be performed for code block individually.
Bits after the rate matching is performed may be represented
by e, ..., €, g1y I is a code block number, and Fr is the
number of rate matched bits of the code block number r.

At step S140, the code blocks on which the rate matching
has been performed are concatenated. Bits after the code
blocks are concatenated may be represented by £, . . ., f5,
and G is the total number of coded transmission bits other
than bits that are used to transmit control information. Here,
the control information may be multiplexed with UL-SCH
transmission.

At steps S141 to S143, channel coding is performed on the
control information. The control information may include
channel quality information (CQI) and/or CQI including a
precoding matrix indicator (PMI), hybrid automatic repeat
request (HARQ)-acknowledgement (ACK), and a rank indi-
cator (RI). Or, it is hereinafter assumed that the CQI includes
a PMI. A different coding rate is applied to each piece of
control information depending on the number of different
coding symbols. When the control information is transmitted
ina PUSCH, channel coding on CQI, an RI, and HARQ-ACK
is independently performed. In the present embodiment, it is
assumed that the channel coding is performed on CQI at step
S141, the channel coding is performed on an RI at step S142,
and the channel coding is performed on HARQ-ACK at step
S143, but not limited thereto.

In a TDD system, two types of HARQ-ACK feedback
modes of HARQ-ACK bundling and HARQ-ACK multiplex-
ing may be supported by a higher layer. In the TDD HARQ-
ACK bundling mode, HARQ-ACK includes one or two infor-
mation bits. In the TDD HARQ-ACK multiplexing mode,
HARQ-ACK includes one to four information bits.

If UE transmits HARQ-ACK bits or RI bits, the number of
coded symbols Q' may be determined by Equation 4.

0 MPUSCH-initial (Equation 4)

PUSCH

PUSCH—initial
N, symb ) ﬁoﬁxer

PUSCH
L4 My,

In Equation 4, O is the number of HARQ-ACK bits or RI
bits, and M_““*“? is a bandwidth scheduled for PUSCH
transmission in the current subframe of a transport
block which is represented by the number of subcarriers.
N,,,,~ P5eHmal is the number of SC-FDMA symbols in
each subframe for initial PUSCH transmission in the same
transport block and may be determined as N,,,,,,” > /=
(2*(Ng,,5 " ~1)-Nggs). If UE is configured to transmit a
PUSCH and an SRS in the same subframe for initial trans-
mission or the allocation of PUSCH resources for initial
transmission partially overlaps with a bandwidth allocated
for the transmission of a cell-specific SRS subframe and SRS,
Nggs=1. In the remaining cases, Ng,~0. M ZZ5H-mirial ¢
and Kr may be obtained from an initial PDCCH for the same
transport block. If there is no DCI format 0 within the initial

PDCCH for the same transport block, M, Z 75 7ifal ¢ and
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Kr may be obtained from a PDCCH that has been semi-
persistently allocated most recently when the initial PUSCH
for the same transport block has been semi-persistently
scheduled and may be obtained from a random access
response grant for the same transport block when a PUSCH
has been initiated from a random access response grant.

In HARQ-ACK transmission, Qcx=Q,,*Q,
Bopser 1= oﬁetHARQ 4K Furthermore, in RI transmis-

SiOn, QRI:Qm Q' Boﬁe PUSCH Boﬁet .

In HARQ-ACK transmission, ACK may be encoded into
‘1’ from a binary number, and NACK may be encoded into ‘0’
from a binary number. If HARQ-ACK is [0,“*] including
1-bit information, the HARQ-ACK may be encoded accord-
ing to Table 6.

TABLE 6
Q. Encoded HARQ-ACK
2 [ ACK
4 [ ACKy X X]
6 [oc*Fyxxxx
If HARQ-ACK is [0, 0,“¥] including 2-bit informa-

tion, the HARQ-ACK may be encoded according to Table 7.

In Table 7, 0,*“®=(0, % +0,““F)mod 2.

Q,, Encoded HARQ-ACK

2 [og?CK o ACK o ACK o ACK o ACK o ACK

4 [oAK 0 ACK x x 0,4CK g AK 3 x 0, 4CK o ACKy %

6 [og?Fo T xxxx 0, T o0 Exxxx 0% 0,4 K x xx%]

In Tables 6 and 7, x and y indicate placeholders for scram-
bling HARQ-ACK bits for a method of maximizing the
Euclidean distance of a modulation symbol for carrying
HARQ-ACK information.

When HARQ-ACK includes one or two information bits,
in the case of the FDD or TDD HARQ ACK multiplexing
mode, a bit sequence q,; %%, . . 04CK- % may be obtained
by concatenating a plurality of encoded HARQ-ACK block.
Here, Q ,x is the total number of encoded bits within all the
encoded HARQ-ACK blocks. The concatenation of the last
HARQ-ACK block may be partially performed in order to
match the total length of the bit sequence with Q ;-

In the case of the TDD HARQ-ACK bundling mode, a bit
sequence 4;°°%, . . ., 4, ““*-1 may be obtained by con-
catenatlng a plurahty of encoded HARQ-ACK blocks. Here,
Qcx 1s the total number of encoded bits within all the
encoded HARQ-ACK blocks. The concatenation of the last
HARQ-ACK block may be partially performed in order to
match the total length of the bit sequence with Q z. A

scrambling sequence [w, <% w 4% w, 4K w 4%] may be
determined by Table 8.
TABLE 8

i [WOA CKWIA CK W2A CK W3A CK]

0 [1111]

1 [1010]

2 [1100]

3 [1001]

If HARQ-ACK is [0, OQ e K including two or
higher 1nf0rmat10n bits (O*“%>2), a bit sequence g,
% may be obtained by Equation 5.

YQoack- 1
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OACK _| (Equation 5)
=Y o
n=0

K Mimodsn.n)mod2

In Equation 5, 1=0, . . ., Q z—1.

In RI transmission, the size of a bit of RI feedback corre-
sponding to PDSCH transmission may be determined by
assuming a maximum number of layers according to the
antenna configuration of a BS and UE. If an RI is [o5%
including 1-bit information, the Rl may be encoded according
to Table 9.

TABLE 9
Q. Encoded RI
2 [o6™ y]
4 [06" y % x]
6 [oyxxxx

InTable 9, the mapping of [0,~/] and an RI may be given by
Table 10.

TABLE 10
o™ RI
0 1
1 2

If an RI is [0;%" 0,7 including 2-bit information, 0,
corresponds to an MSB from the 2-bit information, and o, %
corresponds to the least significant bit (LSB) of 2 bits, the RI
may be encoded according to Table 11. In Table 11, 0,%=
(0™ +0,*mod 2.

TABLE 11
Q. Encoded RI
2 [06%7 01" 0,7 06% 0% 0,
4 log® o™ xx 058 05 xx 0% 0,/ xx]
6 [0 o xxxx 0, o x xxx 0/~ 0,” xx X X]
In Table 11, the mapping of [0,% 0,%/] and an RI may be
given by Table 12.
TABLE 12
o . 0, RI
0,0 1
0,1 2
1,0 3
1,1 4

In Tables 6 and 7, x and y indicate placeholders for scram-
bling HARQ-ACK bits for a method of maximizing the
Euclidean distance of a modulation symbol for carrying
HARQ-ACK information.

A bit sequence q;~%, . . ., qu11 may be obtained by
concatenating a plurality of encoded RI blocks. Here, Qs
the total number of encoded bits within all the encoded RI
blocks. The concatenation of the last RI block may be par-
tially performed in order to match the total length of the bit
sequence with Qg;.

If UE transmits CQI bits, the number of coded symbols Q'
may be determined by Equation 6.
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o= (Equation 6)
(O + L)- MPUSCH-initial,
N PUSCHinitial | gPUSCH
mi symb offset , MEUSCH  yPUSCH _ QR’
P} symb
sk O
.

In Equation 6, O is the number of CQI bits, and
L is the number of CRC bits which is given 0 when
O=<11 and given 8 in other cases. Furthermore, Q. ,~Q,,*Q,
and Bsf PUSCH_ Boﬁetc 97 If an RI is not sent, Q0.

ik Ctt-iminal , C, and Kr may be obtained from an initial
PDCCH for the same transport block. If the DCI format 0
does not exist within the initial PDCCH for the same transport
block, M, FYscH-mifial ¢ and Kr may be obtained from a
PDCCH that has been semi-persistently allocated most
recently when the initial PUSCH for the same transport block
has been semi-persistently scheduled and may be obtained
from a random access response grant for the same transport
block when a PUSCH has been initiated from a random
access response grant. N FOSCHa is the number of
SC-FDMA symbols in each subframe for the transmission of
the initial PUSCH in the same transport block. Regarding
UL-SCH data information, G=N,,, ,/F“>“F*M, FEH*Q, -
QeorQg- Here, M PUSCH is a bandw1dth scheduled for
PUSCH transmlsswn in the current subframe of a transport
block which is represented by the number of subcarriers.
N,,s” PH=(2*(N,,,,,, 7 =1)-Ngzo). If UE is configured to
transmit a PUSCH and an SRS in the same subframe for
initial transmission or the allocation of PUSCH resources for
the initial transmission partially overlaps with a bandwidth
allocated to the transmission of a cell-specific SRS subframe
and SRS, N, ~1. In other cases, N ~0.

In CQI transmission, when the size of a payload is smaller
than 11 bits, the channel coding of CQI information is per-
formed based on an input sequence oy, . . ., 0,_;. When the
size of a payload is greater than 11 bits, CRC addition, chan-
nel coding, and rate matching are performed on the CQI
information. The input sequence of the CRC attachment pro-
cessis oy, ..., 0, ;. Anoutput sequence to which the CRC has
been attached becomes the input sequence of the channel
coding process, and the output sequence of the channel cod-
ing process becomes the input sequence of the rate matching
process. The output sequence of the final channel coding on
the CQI information may be represented by qg, - - -, Qoeori-

Atstep S150, multiplexing is performed on the data and the
control information. Here, the HARQ-ACK information
exists both in the two slots of a subframe, and it may be
mapped to resources adjacent to a DMRS. When the data and
the control information are multiplexed, they may be mapped
to different modulation symbols. Meanwhile, if one or more
UL-SCH transport blocks are transmitted in the subframe of
anuplink cell, CQI information may be multiplexed with data
on an UL-SCH transport block having the highest modulation
and coding scheme (MCS).

Atstep S160, channel interleaving is performed. The chan-
nel interleaving may be performed in connection with
PUSCH resource mapping. Modulation symbols may be
mapped to a transmit waveform in a time-first mapping man-
ner through the channel interleaving. The HARQ-ACK infor-
mation may be mapped to resources adjacent to an uplink
DMRS, and the RI information may be mapped to the periph-
ery of resources used by the HARQ-ACK information.

A proposed data transmission method is described below.
As described above, LTE-A may use a plurality of CCs as
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transmission resources in a specific cell, and each UE
uniquely sets carriers used in downlink or uplink transmis-
sion. Furthermore, if an SRS and a PUSCH are allocated to
the same subframe in a single carrier, the sounding process of
UE is defined in LTE rel-8, but it has not been defined in a
carrier aggregation system. Accordingly, the present inven-
tion proposes a method of transmitting a PUSCH and an SRS
in a carrier aggregation system in which a plurality of CCs
exist.

In a carrier aggregation system, the transmission of an SRS
is independently configured for each CC. That is, a subframe
in which an SRS can be transmitted is independently config-
ured for each CC irrespective of whether the SRS has been
actually transmitted. For example, in a specific subframe, a
first carrier may be configured so that it transmits an SRS and
a second carrier may be configured so that it transmits a
PUSCH. As described above, when one carrier transmits an
SRS and the other carrier transmits a PUSCH in the same
subframe, it is difficult to maintain a single carrier property
for the SRS. In particular, a peak-to-average power ratio
(PAPR) and cubic metric (CM) characteristics are deterio-
rated in an SC-FDMA symbol in which an SRS is transmitted.
Accordingly, regarding an SRS and a PUSCH transmitted in
different CCs in the same subframe, maximum transmit
power allocated to each UE may be limited. In particular,
when power boosting is applied in order to increase the cov-
erage of an SRS, the maximum transmit power of each UE
may be further limited.

Meanwhile, the SRS transmission method may be divided
into two types: a periodic SRS transmission method of trans-
mitting an SRS periodically according to an SRS parameter
received by radio resource control (RRC) signaling, which is
a method defined in LTE rel-8, and an aperiodic SRS trans-
mission method of transmitting an SRS whenever the SRS is
necessary based on a message dynamically triggered by a BS.
In LTE-A, the aperiodic SRS transmission method may be
introduced.

Inthe periodic SRS transmission method and the aperiodic
SRS transmission method, an SRS may be transmitted in a
UE-specific SRS subframe determined in a UE-specific man-
ner. In the periodic SRS transmission method defined in LTE
rel-8, a cell-specific SRS subframe is periodically configured
by a cell-specific SRS parameter, and an SRS is periodically
transmitted in a periodic UE-specific SRS subframe config-
ured by a UE-specific SRS parameter in the cell-specific SRS
subframe. Here, the periodic UE-specific SRS subframe may
be a subset of the cell-specific SRS subframe. In the aperiodic
SRS transmission method, an SRS may be transmitted in a
subframe close to a point of time at which a BS has transmit-
ted a message, from among periodic UE-specific SRS sub-
frames determined by a UE-specific SRS parameter. The
UE-specific SRS subframe in the aperiodic SRS transmission
method may be a subset of a cell-specific SRS subframe
defined in LTE rel-8, and the UE-specific SR subframe may
be configured by the periodicity of a subframe and the offset
of a subframe in Table 3 or Table 4 described above.

Therefore, the present invention proposes a method of
allocating an SRS and a PUSCH at the same time in a UE-
specific SRS subframe determined in a UE-specific manner in
a carrier aggregation system, wherein SRS transmission
maintains a single carrier characteristic and transmit power is
reduced.

In a carrier aggregation system, an SRS and a PUSCH are
allocated to the same subframe and transmitted, but any one
of the allocation of the SRS and the allocation of the PUSCH
may be given priority in order to maintain the single carrier
property of SRS transmission.
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1) SRS Priority

When an SRS and a PUSCH are allocated at the same time
through a plurality of CCs in the same subframe, the alloca-
tion and transmission of the SRS may be given priority. To
this end, uplink data may not be transmitted through a
PUSCH in the last SC-FDMA symbol of a corresponding
subframe to which an SRS is allocated. Here, rate matching or
puncturing for a PUSCH may be used as a method of not
transmitting uplink data in the last SC-FDMA symbol to
which an SRS is allocated. The amount of data to be trans-
mitted at each transmission time interval (TTI) may be
matched with the maximum amount of transmitted PUSCHs
on which data will be actually transmitted through the rate
matching. In the present invention, the rate matching may be
performed on symbols except the last SC-FDMA symbol to
which the SRS is allocated. Or, in the state in which the
amount of data to be transmitted has been matched with the
maximum amount of data to be transmitted through a PUSCH
within one subframe, data allocated to the last SC-FDMA
symbol to which an SRS is allocated may be subject to punc-
turing in which the data is not transmitted through the
PUSCH. That is, the SRS is allocated by overriding the
PUSCH and transmitted in the state in which transmit power
is limited.

FIG. 11 is an example of a construction regarding a data
transmission method in a proposed SRS subframe.

The SRS subframe in FIG. 11 is any one of period or
aperiodic UE-specific SRS subframes determined in a UE-
specific manner. Or, if an aperiodic UE-specific SRS sub-
frame is identical with an SRS subframe determined in a cell
specific manner, the SRS subframe of FIG. 11 is any one of
SRS subframes determined in a cell specific manner. FIG.
11-(a) is the case where a PUSCH is simultaneously allocated
to an UL CC in which an SRS is transmitted. The last SC-
FDMA symbol of the SRS subframe of an UL CC #2 may be
allocated for SRS transmission, and a PUSCH may be allo-
cated to the remaining SC-FDMA symbols and then trans-
mitted. The PUSCH may be allocated except the last SC-
FDMA symbol of the SRS subframe of an UL CC #1, and thus
data may be transmitted. FIG. 11-(4) is the case where a
PUSCH is not allocated to an UL CC in which an SRS is
transmitted. The last SC-FDMA symbol of the SRS subframe
of an UL CC #2 is allocated for SRS transmission. The
PUSCH may be allocated except the last SC-FDMA symbol
of the SRS subframe of an UL CC #1, and thus data may be
transmitted. A bandwidth occupied by the SRS in the last
SC-FDMA symbol of the SRS subframe may be the entire
system bandwidth or may be a narrow band or partial band-
width. Furthermore, the bandwidth occupied by the SRS in
the last SC-FDMA symbol of the SRS subframe may be a
UE-specific SRS bandwidth defined in LTE rel-8/9 or may be
an SRS bandwidth newly defined in LTE-A. A bandwidth
occupied by a PUSCH in the remaining SC-FDMA symbols
is not limited.

A PUSCH may be subject to rate matching except the last
SC-FDMA symbol to which an SRS has been allocated. The
transmission of a PUSCH in a corresponding SRS subframe
may be subject to rate matching so that the PUSCH is trans-
mitted in the remaining SC-FDMA symbols in which an SRS
is not transmitted, without a limit to a relationship between
the transmission bandwidth of the SRS and a bandwidth
occupied by the PUSCH. Or, a PUSCH may not be subject to
rate matching, but a PUSCH allocated to the last SC-FDMA
symbol may be punctured. When a PUSCH is subject to rate
matching, a data rate corresponding to one SC-FDMA sym-
bol when data is transmitted through the PUSCH can be
reduced and reliability and coverage of SRS transmission can
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be improved. Furthermore, from a viewpoint of SRS trans-
mission, a single carrier property can be maintained in the last
SC-FDMA symbol of an SRS subframe.

The above-described rate matching or puncturing may be
selectively applied according to the transmission mode or
channel environment of corresponding UE and may be
implicitly indicated through already defined other parameters
or may be indicated by explicitly signaling a newly defined
parameter. Furthermore, in the above description, a plurality
of CCs that forms a carrier aggregation system may be limited
to resources used by one UE. That is, the proposed invention
may be a method of allocating an SRS and a PUSCH at the
same time in a plurality of CCs within the same UE. Or, ifthe
SRS transmission band of a plurality of UEs is indicated
through a higher layer or signaling so that it is multiplexed
within one carrier, the rate matching or puncturing of the
plurality of UEs may be applied in a cell-specific or carrier-
specific manner within at least corresponding carrier. Or,
although the SRS transmission band of a plurality of UEs is
indicated through a higher layer or signaling so that it is
multiplexed within one carrier, whether the rate matching or
puncturing of a PUSCH will be applied or not may be explic-
itly L.1/L.2 signalized or RRC signalized in a UE-specific
manner.

2) PUSCH Priority

When an SRS and a PUSCH are allocated at the same time
through a plurality of CCs in the same subframe, the alloca-
tion and transmission of the PUSCH are given priority. That
is, the transmission of an SRS is dropped.

FIG. 12 is another example of a construction regarding a
data transmission method in an SRS subframe.

Referring to FIG. 12, the last SC-FDMA symbol of the
SRS subframe of an UL CC #2 is allocated for SRS transmis-
sion, but the SRS is not actually transmitted. A PUSCH is
allocated to the remaining SC-FDMA symbols of the UL CC
#2 and uplink data is transmitted through the PUSCH. Fur-
thermore, in the SRS subframe of an UL CC #1, a PUSCH is
allocated to all the SC-FDMA symbols and uplink data may
be transmitted. Accordingly, the data rate of PUSCH trans-
mission and quality of service (QoS) of data transmitted
through the PUSCH can be guaranteed.

Or whether an SRS will be first allocated or whether a
PUSCH will be first allocated may be determined through an
RRC message. There is an advantage in that a resource allo-
cation method can be flexibly changed depending on the
transmission mode or channel environment of each UE. For
example, whether an SRS will be first allocated or whether a
PUSCH will be first allocated may be determined according
to an RRC message that indicates the simultaneous transmis-
sion of a PUSCH and a PUCCH. That is, if the simultaneous
transmission of a PUSCH and a PUCCH is indicated, an SRS
is given priority and the SRS and a PUSCH are transmitted in
an SRS subframe at the same time. If the simultaneous trans-
mission of a PUSCH and a PUCCH is not indicated, the
PUSCH is given priority and the transmission of an SRS may
be dropped. Or, whether an SRS will be first allocated or
whether a PUSCH will be first allocated may be determined
according to a newly defined RRC message.

In the case of the method 1) of giving priority to an SRS,
there is a disadvantage in that PUSCH rate matching or punc-
turing may occur frequently, but the coverage of an SRS and
the efficiency of SRS transmission are increased because SRS
transmission is rarely dropped. Furthermore, in the case of the
method 2) of giving priority to a PUSCH, there are disadvan-
tages in that an opportunity of SRS transmission is reduced
and the efficiency of aperiodic SRS transmission introduced
in LTE-A intended to supplement the periodic SRS of LTE
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rel-8 is deteriorated, but throughput can be increased because
rate matching other than the last SC-FDMA symbol of an
SRS subframe is not performed. Furthermore, reliability of
uplink control information (UCI) transmission can be main-
tained when UCI is transmitted in a PUSCH according to a
piggyback scheme.

FIG. 13 is an embodiment of the proposed data transmis-
sion method. At step S200, UE transmits uplink data through
a first PUSCH resource allocated to a first CC among a plu-
rality of CCs in an SRS subframe. A second CC among the
plurality of CCs in the SRS subframe includes an SRS SC-
FDMA symbol reserved for the transmission of an SRS.

The proposed resource mapping method may be applied to
channel coding on the PUSCH transmission of FIG. 10. More
particularly, in Equation 4 that determines the number of
symbols coded when HARQ-ACK and/or an RI are
transmitted, N, mbP UscH-mifial may be changed. That is,

S mbPUSCH mifial is the number of SC-FDMA symbols in
each subframe for initial PUSCH transmission in the same
transport block and may be determined as N, [ USCHinital_
(2*(N,;,, 7 =1)-Ngg 5). Here, if UE is configured to transmit
a PUSCH and an SRS in the same subframe for initial trans-
mission, the allocation of PUSCH resources for the initial
transmission partially overlaps with a bandwidth allocated
for the transmission of a UE-specific SRS subframe and an
SRS, or UE transmits a PUSCH in a cell-specific SRS sub-
frame when aperiodic SRS transmission is configured,
Ngzs=1. In the remaining cases, N, ~0. Or, in Equation 6
that determines the number of symbols coded when CQI is
transmitted, N_ 77" may be changed. That is,
N, L vsca may be determined as N, LU
(2*(NsymbUL 1)-Ng S) Here, if UE is configured to transmit
a PUSCH and an SRS in the same subframe for initial trans-
mission, the allocation of PUSCH resources for the initial
transmission partially overlaps with a bandwidth allocated
for the transmission of a UE-specific SRS subframe and an
SRS, or UE transmits a PUSCH in a cell-specific SRS sub-
frame when aperiodic SRS transmission is configured,
Nzs=1. In the remaining cases, Ngz=0.

FIG. 14 is a block diagram of BS and UE in which the
embodiments of the present invention are embodied.

The BS 800 includes a processor 810, memory 820, and a
radio frequency (RF)unit 830. The processor 810 implements
the proposed functions, processes and/or methods. The layers
of a radio interface protocol may be implemented by the
processor 810. The memory 820 is connected to the processor
810, and it stores various pieces of information for driving the
processor 810. The RF unit 830 is connected to the processor
810, and it transmits and/or receives radio signals.

The UE 900 includes a processor 910, memory 920, and an
RF unit 930. The RF unit 930 is connected to the processor
910, and it transmits uplink data through a first PUSCH
resource allocated to a first CC among a plurality of CCs in an
SRS subframe. Here, a second CC among the plurality of CCs
in the SRS subframe may include an SRS SC-FDMA symbol
reserved for the transmission of an SRS. The processor 910
implements the proposed functions, processes and/or meth-
ods. The layers of a radio interface protocol may be imple-
mented by the processor 910. The memory 920 is connected
to the processor 910, and its stores various pieces of informa-
tion for driving the processor 910.

The processor 910 may include an application-specific
integrated circuit (ASIC), another chip set, a logical circuit,
and/or a data processing unit. The RF unit 920 may include a
baseband circuit for processing radio signals. In software
implemented, the aforementioned methods can be imple-
mented with a module (i.e., process, function, etc.) for per-
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forming the aforementioned functions. The module may be
performed by the processor 910. In view of the exemplary
systems described herein, methodologies that may be imple-
mented in accordance with the disclosed subject matter have
been described with reference to several flow diagrams.
While for purposed of simplicity, the methodologies are
shown and described as a series of steps or blocks, it is to be
understood and appreciated that the claimed subject matter is
not limited by the order of the steps or blocks, as some steps
may occur in different orders or concurrently with other steps
from what is depicted and described herein. Moreover, one
skilled in the art would understand that the steps illustrated in
the flow diagram are not exclusive and other steps may be
included or one or more of the steps in the example flow
diagram may be deleted without affecting the scope and spirit
of the present disclosure.

What has been described above includes examples of the
various aspects. It is, of course, not possible to describe every
conceivable combination of components or methodologies
for purposes of describing the various aspects, but one of
ordinary skill in the art may recognize that many further
combinations and permutations are possible. Accordingly,
the subject specification is intended to embrace all such alter-
nations, modifications and variations that fall within the spirit
and scope of the appended claims.

What is claimed is:
1. A data transmission method by a user equipment (UE) in
a wireless communication system, the data transmission
method comprising:
transmitting, by the UE, uplink data to a base station,
through a first physical uplink shared channel (PUSCH)
and a second PUSCH, in a sounding reference signal
(SRS) subframe of each of first and second compment
carriers (CCs), respectively, among a plurality of CCs,

wherein the SRS subframe of the second CC includes a last
single carrier frequency domain multiple access (SC-
FDMA) symbol reserved for a transmission of an SRS,

wherein, in a case that the uplink data to be transmitted
through the first PUSCH in the first CC, and the SRS, to
be transmitted in the second CC will coincide in the last
SC-FDMA symbol reserved for the transmission of the
SRS, the SRS is not transmitted in the second CC, and

wherein the transmitting of the uplink data via carrier
aggregation comprises transmitting the uplink data via
one or more CCs of the plurality of CCs simultaneously,
the one or more CCs assigned to the UE according to CC
capacity.

2. The data transmission method of claim 1, wherein the
last SC-FDMA symbol reserved for the transmission of the
SRS is allocated to the second CC among the plurality of CCs.

3. The data transmission method of claim 1, wherein the
SRS subframe is one of a plurality of periodic or aperiodic
UE-specific SRS subframes configured by a UE-specific SRS
parameter.

4. The data transmission method of claim 3, wherein the
UE-specific SRS parameter indicates a periodicity and an
offset of the plurality of periodic or aperiodic UE-specific
SRS subframes.

5. The data transmission method of claim 3, wherein the
plurality of periodic or aperiodic UE-specific SRS subframes
is a subset of a plurality of cell-specific SRS subframes con-
figured by a cell-specific SRS parameter.

6. The data transmission method of claim 1, wherein the
SRS subframe is one of a plurality of cell-specific SRS sub-
frames configured by a cell-specific SRS parameter.
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7. The data transmission method of claim 1, Wherein a
bandwidth of part of or an entire last SC-FDMA symbol is
allocated to the transmission of the SRS.
8. The data transmission method of claim 1, wherein the
first PUSCH is indicated by a radio resource control (RRC)
message.
9. A user equipment (UE) in a wireless communication
system, the user equipment comprising:
a radio frequency (RF) unit; and
a processor operatively connected to the RF unit and con-
figured to transmit uplink data to a base station, through
a first physical uplink shared channel (PUSCH) and a
second PUSCH, in a sounding reference signal (SRS)
subframe of each of first and second component carriers
(CCs), respectively, among a plurality of CCs,

wherein the SRS subframe of the second CC includes a last
single carrier frequency domain multiple access (SC-
FDMA) symbol reserved for a transmission of an SRS,

wherein, in a case that the uplink data to be transmitted
through the first PUSCH in the first CC, and the SRS, to
be transmitted in the second CC will coincide in the last
SC-FDMA symbol reserved for the transmission of the
SRS, the SRS is not transmitted in the second CC, and
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wherein transmitting the uplink data via carrier aggrega-
tion comprises transmitting the uplink data via one or
more of the plurality of CCs simultaneously, the one or
more CCs assigned to the UE according to CC capacity.

10. The UE of claim 9, wherein the last SC-FDMA symbol
reserved for the transmission of the SRS is allocated to the
first CC.

11. The LIE of claim 9, wherein the last SC-FDMA symbol
reserved for the transmission of the SRS is allocated to the
second CC among the plurality of CCs.

12. The UE of claim 9, wherein the SRS subframe is one of
a plurality of periodic or aperiodic UE-specific SRS sub-
frames configured by a UE-specific SRS parameter.

13. The UE of claim 12, wherein the UE-specific SRS
parameter indicates a periodicity and an offset of the plurality
of periodic or aperiodic UE-specific SRS subframes.

14. The UE of claim 12, wherein the plurality of periodic or
aperiodic UE-specific SRS subframes is a subset of a plurality
of cell-specific SRS subframes configured by a cell-specific
SRS parameter.

15. The UE of claim 9, wherein the SRS subframe is one of
a plurality of cell-specific SRS subframes configured by a
cell-specific SRS parameter.
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